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(57) ABSTRACT

Fuel pump (10) may comprise a casing (18) and a substan-
tially disc-shaped impeller (20) which 1s rotatably disposed
within the casing (18). A first group of concavities (21a) may
be formed 1n a lower face of the impeller (20). A second group
of concavities (20a) may be formed 1n an upper face of the
impeller (20). A first groove (30) may be formed in the inner
face of the casing (18) opposite the upper face of the impeller
(20). The first groove (30) 1s formed 1n a region opposite the
first group of concavities (21a) and extending from an
upstream end to a downstream end. A second groove (24) may
be formed 1n the mner face of the casing opposite the lower
face of the impeller (20). The second groove (24) 1s formed 1n
a region opposite the second group of concavities (20a) and
extending from an upstream end to a downstream end. Pret-
erably, the depth of the first and second groups of concavities
and the depth of the first and second grooves are adjusted such
that the flow of fuel flowing through the first group of con-
cavities (21a) and the first groove (30) 1s greater than the flow
of fuel lowing through the second group of concavities (20a)
and the second groove (24).

8 Claims, 7 Drawing Sheets
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1
FUEL PUMP

CROSS REFERENC.

(L]

This application claims priority to Japanese Patent appli-
cation number 2004-202838, filed on Jul. 9, 2004, the con-
tents of which are hereby incorporated by reference as 1 fully

set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fuel pump for drawing a
tuel such as gasoline etc., increasing the pressure thereot, and
discharging this pressurized fuel.

2. Description of the Related Art

A known fuel pump generally comprises a substantially
disc-shaped impeller and a casing. The impeller 1s rotatably
disposed within the casing. Groups of concavities are formed
along the circumierence direction of the impeller. The con-
cavities are repeated 1n the circumierential direction. A first
groove 1s formed 1n the front surface of the casing in an area
directly facing the group of concavities in the upper face of
the impeller. The first groove extends continuously 1n a cir-
cumierence direction from an upstream end to a downstream
end. A second groove 1s formed 1n the back surface of the
casing 1n an area directly facing the group of concavities in the
lower face of the impeller. The first groove extends continu-
ously 1n a circumierence direction from an upstream end to a
downstream end. A suction hole 1s formed to pass through the
casing for communicating the upstream end of the first
groove. A discharge hole 1s formed to pass through the casing
for communicating the downstream end of the second groove.

When the impeller rotates, a fuel 1s sucked 1nto the casing
from the suction hole. The sucked fuel flows along the groove
and the concavities of the impeller. Swirl flow occurs between
the concavities on the front surface of the impeller and the first
groove and swirl flow occurs between the concavities on the
back surface of the impeller and the second groove because of
the effects of centrifugal force caused by the rotation of the
impeller. The pressure of the fuel rises as it flows along the
grooves. The fuel that has flowed along the grooves and has
been pressurized 1s discharged out of the casing through the
discharge hole.

In this type of fuel pump, swirl flow 1s created between the
groove of the casing and the concavities of the impeller. IT the
flow of thus swirl flow could be improved to reduce energy
loss, the efficiency of the fuel pump could be increased. In the
tuel pump disclosed 1n Japanese Laid-Open Patent Publica-
tion No. 9-511812, partitioning walls which separate the
adjacent concavities of the impeller are at an angle with
regard to the rotating shait of the impeller in order to improve
the fuel tlow.

SUMMARY OF THE INVENTION

With this type of fuel pump, a force (e.g., thrust direction
force) 1s created 1n the direction that the impeller presses on
the casing. For example, fuel 1s drawn into the first groove
tormed on the front side of the impeller and fuel 1s discharged
from the second groove formed on the back side of the impel-
ler. Therefore, the fuel on the back side of the impeller, which
1s the fuel discharge side, has high pressure while the fuel on
the front side of the impeller, which 1s the fuel intake side, has
low pressure. Therefore, a force 1s applied on the impeller 1n
the direction from the back side of the impeller to the front
side. When this force acts on the impeller, the impeller 1s
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pushed against the casing and the impeller rotational speed 1s
reduced. When the rotational speed of the impeller drops, the
pressure of the fuel discharged from the fuel pump will also
drop. When the pressure of the discharged fuel drops, the
aforementioned pressing action of the impeller on the casing
will be reduced, and the pressure of the fuel being discharged
from the fuel pump will rise. In this manner, the fuel dis-
charged from the fuel pump will have a pulsing motion and
the flow performance of the fuel pump will be reduced. Con-
ventional fuel pumps have improved the fuel flow, but the
alorementioned problems have not been resolved.

Accordingly, it 1s one object of the present teachings to
provide a fuel pump which can reduce the variation of the
impeller rotational resistance based upon the difference
between the fuel pressure on the fuel discharge side and the
fuel pressure on the fuel intake side of the impeller, and
thereby increasing the flow performance of the fuel pump.

In one aspect of the present teachings, fuel pump may
comprise a casing and a substantially disc-shaped impeller
rotating within the casing. A first group of concavities may be
formed 1n an upper face of the impeller. A second group of
concavities may be formed in a lower face of the impeller. A
first groove 1s formed in the inner face of the casing opposite
the upper face of the impeller, the first groove being formed in
a region opposite the first group of concavities 1n the impeller
and extending from an upstream end to a downstream end. A
second groove 1s formed 1n the mner face of the casing oppo-
site the lower face of the impeller, the second groove being
formed 1n a region opposite the second group of concavities in
the impeller and extending from an upstream end to a down-
stream end. A suction hole 1s formed to pass through the
casing for communicating the upstream end of the first groove
to the exterior of the casing. A discharge hole 1s formed to
pass through the casing for communicating the downstream
end of the second groove to the exterior of the casing. Fur-
thermore, the depth of the first and second groups of concavi-
ties and the depth of the first and second grooves are adjusted
such that the flow of fuel flowing through the first group of
concavities and the first groove 1s greater than the flow of fuel
flowing through the second group of concavities and the
second groove.

With this fuel pump, the tlow rate o the fuel which revolves
along the first groove and the first group of concavities on the
upper lace of the impeller (1.e., the fuel intake side of 1mpel-
ler) will be higher than the flow rate of fuel which revolves
along the second groove and the second group of concavities
on the lower face of the impeller (1.e., the fuel discharge side
of the impeller). Therefore, the force acting on the impeller
from the revolving flow (swirl flow) generated on the fuel
intake side of the impeller will be higher than the force acting
on the impeller from the revolving tlow (swirl flow) generated
on the fuel discharge side of the impeller. Thus, the forces
acting on the impeller will be canceled by the difference 1n
fuel pressure on the upper and lower sides of the impeller.
Theretfore, vaniation 1n the resistance to rotation of the impel-
ler caused by the difference 1n the fuel pressure on the upper
and lower sides of the impeller can be suppressed and the flow
properties of the fuel pump can be improved.

In one embodiment of the present teachings, the depth of
the first group of concavities formed on the upper surface of
the impeller and the depth of the second group of concavities
tformed on the lower surface the impeller can be substantially
identical. Further, the depth of the first groove 1s deeper than
the depth of the second groove. In this configuration, the flow
rate of the fuel flowing on the fuel intake side can be made to
be greater than the flow rate of the fuel tlowing 1n the fuel
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discharge side. Therefore, the difference 1n the fuel pressures
of the upper and lower sides of the impeller can be canceled.

Preferably, the depth of the first groove 1s within the range
of 1.02~1.30 times the depth of the second groove. If the ratio
of the depth of the first groove to the depth of the second
groove 1s smaller than 1.02, sufficient effects can not be
obtained. Furthermore, 11 the ratio of the depth of the first
groove 1o the depth of the second groove 1s greater than 1.30,
the force acting on the fuel discharge side of the impeller from
the fuel intake side of the impeller will be too large, and the
balance will be poor.

In another embodiment of the present teachings, the depth
of the first groove and the depth of the second groove can be
substantially identical. Further, the depth of the first group of
concavities formed on the upper face of the impeller 1s deeper
than the depth of the second group of concavities formed on
the lower face of the impeller. In this configuration, the flow
rate of fuel flowing on the fuel intake side will be greater than
the flow rate of fuel flowing on the fuel discharge side. There-
fore, the difference 1n the fuel pressure on both the upper and
lower sides of the impeller can be canceled.

Preferably, the depth of the first group of concavities
tormed on the upper face of the impeller 1s preferably within
the range of 1.02~1.30 times the depth of the second group of
concavities formed on the lower face of the impeller.

These aspects and features may be utilized singularly or, in
combination, in order to make improved fuel pump. In addi-
tion, other objects, features and advantages of the present
teachings will be readily understood after reading the follow-
ing detailed description together with the accompanying
drawings and claims. Of course, the additional features and
aspects disclosed herein also may be utilized singularly or, 1n
combination with the above-described aspect and features.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a longitudinal sectional view of a fuel pump of a
representative embodiment of the present teachings.

FI1G. 2 1s a plan view of an impeller.

FI1G. 3 1s a cross-sectional view along line I111-111 of FIG. 2.

FI1G. 4 15 a top plan view of a pump body.

FIG. 5 15 a top plan view of a pump cover.

FIG. 6 15 a graph showing changes 1n fuel pressure ampli-
tude (pulse amplitude) by a ratio (groove depth B of concavi-
ties on the fuel intake side of the impeller)/(groove depth A of
concavities on the fuel discharge side of the impeller).

FIG. 7 1s a drawing showing another representative
embodiment of the present teachings.

DETAILED DESCRIPTION OF THE INVENTION

Fuel pump 10 according to a representative embodiment of
the present teachings will be described. FIG. 1 shows a lon-
gitudinal sectional view of fuel pump 10. Fuel pump 10 may
be used 1n a motor vehicle, fuel pump 10 being utilized within
a Tuel tank and being utilized for supplying fuel to an engine
of the motor vehicle. As shown 1n FIG. 1, fuel pump 10 may
comprise motor section 70 and pump section 12.

Motor section 70 comprises housing 72, motor cover 73,
magnets 74, 75, and rotor 76. Housing 72 has a substantially
cylindrical form. Motor cover 73 1s attached to an upper end
72a of housing 72 by caulking (mechanically deforming) the
upper end 72a of housing 72. Discharge port 73a 1s formed in
motor cover 73 with an opening facing upwards. Magnets 74,
75 are fastened to the inside wall of housing 72. Rotor 76 has
a main body 77 and a shait 78 which vertically passes through
the main body 77. The main body 77 comprises a core 79
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which 1s fixed to the shait 78, a coil (not shown) wound
around the core 79, and a plastic part 80 which fills in around
the coil. Commutator 84 1s established at the top end of the
main body 77. Brush 90 1s 1n contact with the top edge surtace
of commutator 84. Brush 90 1s pressed down by spring 92
which 1s fastened on one end to motor cover 73. When brush
90 becomes wore, brush 90 will move downward depending
on the degree of wear, so that the contact between brush 90
and commutator 84 will be maintained. The top end 78a of
shaft 78 1s rotatably supported on motor cover 73 via abearing
81. The bottom end 786 of shait 78 1s rotatably supported, via
a bearing 82, on pump cover 14 of pump section 12.

Pump section 12 comprises casing 18 and impeller 20.
FIG. 2 shows a plan view of impeller 20. As shown 1n FIG. 2,
impeller 20 1s a substantially disc shaped. A group of con-
cavities 20q 1s formed 1n an upper face of impeller 20 1n an
area located inwardly from an impeller outer circumierence
face 20e by a predetermined distance. Adjacent concavities
20a are separated by a partitioning wall 205 that extends 1n
the radial direction. The concavities 20a are repeated 1n the
circumierence direction of impeller 20. The group of con-
cavities 20a extends along the circumierence direction of
impeller 20. An approximately D-shaped fitting hole 20c¢ 1s
formed 1n the center of impeller 20. A lower end of shaft 78
fits 1nto the fitting hole 20c. By this means, impeller 20 1s
connected with shaft 78 1n a manner allowing follow-up rota-
tion whereby slight movement in the axial direction 1s
allowed. The outer circumierence face 20e of impeller 20 1s a
complete circular face without irregularities.

FIG. 3 1s across-section drawing along curve I1I-111 of FIG.
2. As shown1n FIG. 3, a group of concavities 21a 1s formed 1n
a lower face of impeller 20. The group of lower concavities
21a has the same configuration as of the group of upper
concavities 20a. Bottom portions of the pair of upper con-
cavities 20a and lower concavities 21a communicate
together. The top edge of partitioning wall 215 1s connected to
the bottom edge of partitioning wall 205. The partitioning
walls 205 are angled to rise from the bottom edge to the top
edge (1.e., upper face of impeller 20) in the direction that
impeller 20 rotates (direction of arrow P 1n FIG. 2, 3). On the
other hand, the partitioning walls 215 are angled down from
the top edge to the bottom edge (i.¢., lower face of impeller
20) 1n the direction that impeller 20 rotates. Therefore, an
approximately V-shaped walls are formed by the partitioning
walls 206 and partitioning walls 215. The angle of inclination
of the partitioming walls 206, 215 1s preferably adjusted
within the range of 40~60° with regards to the rotating axis of
impeller 20.

As 1s clear from FIG. 3, the partitioning walls 2056 and the
partitioning walls 215 are attached at a position which 1s to the
upper face side of the center of impeller 20. Therefore, the
concavity depth (B in the drawing) of the concavities 21a
which are formed on the lower face of impeller 20 1s deeper
than the concavity depth (A 1n the drawing) of the concavities

20a which are formed on the upper face of impeller 20 (i.e.,
B>A). The ratio of B to A (B/A) 1s preferably adjusted to be

between 1.02 and 1.30.

Casing 18 comprises pump cover 14 and pump body 16. As
shown 1n FIG. 1, pump cover 14 has a recessed region 14a 1n
the impeller side surface (i.e., the bottom side surface 1n FIG.
1). The diameter of the recessed region 144 1s nearly the same
as the diameter of impeller 20. The recessed region 144 has a
depth which 1s nearly as large as the thickness of impeller 20.
Impeller 20 1s rotatably fitted 1nto this recessed region 14a.

Casing 18 (comprising pump cover 14 and pump body 16)
1s attached to lower end 725 of housing 72 by caulking (me-
chanically deforming) the lower end 7256 of housing 72 with
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impeller 20 disposed within the recessed region 14a of pump
cover 14. The bottom edge 785 of shatt 78 1s inserted mto the
fitting hole 20c of impeller 20 at a position which 1s lower than
the position supported by the bearing 82. Therefore, when
rotor 76 rotates, impeller 20 will also rotate in conjunction. A
thrust bearing 33 which receives the thrust load of shatt 78 1s
disposed between the bottom end of shait 78 and pump body
16.

FI1G. 4 shows aplan view of pump body 16 viewed from the
impeller side (or 1n other words viewed from the top side 1n
FIG. 1). As shown in FIGS. 1 and 4, groove 30 1s formed 1n an
upper face of pump body 16 1n an area directly facing the
group ol concavities 21a 1n the lower face of impeller 20.
Groove 30 extends continuously along the rotational direc-
tion of impeller 20 from an upstream end 30a to a downstream
end 305. An opening of a vapor jet 32, which penetrates
vertically through pump body 16, 1s formed adjacent to
groove 30.

Groove 30 1s formed with a nearly consistent depth (depth
shown by C1in FIG. 3) from the vapor jet 32 to the downstream
end 30b. Groove 30 gradually deepens from the vapor jet 32
toward the upstream side. Groove 30 1s connected to suction
hole 31 in the region close to the upstream end 30a. As shown
in FIG. 1, suction hole 31 continues from groove 30 to the
lower surface of pump body 16. Suction hole 31 passes
through casing 18 from the exterior to the interior of casing
18.

FIG. 5 shows a plan view of pump cover 14 as viewed from
the impeller side (or in other words, as viewed from the
bottom side 1n FIG. 1). In FIG. §, the direction of rotation of
impeller 20 1s shown 1n the reverse direction as that of FIG. 4.
Groove 24 1s formed 1n the bottom surface of the recessed
region 14a of pump cover 14. Groove 24 1s formed 1n an area
directly facing the group of the concavities 20q 1n the upper
tace of impeller 20 which 1s 1nserted 1nto the recessed region
14a.

Groove 24 extends continuously in the rotational direction
of impeller 20 from an upstream end 24a to a downstream end
24b. Groove 24 1s connected to a discharge hole 26 in the
region around the downstream end 245. Discharge hole 26
continues from groove 24 to the upper surface of pump cover
14. Discharge hole 26 passes through casing 18 from the
exterior to the interior of casing 18.

Groove 24 1s formed with a nearly consistent depth
between the upstream end 24aq and a region 130, and the depth
1s nearly the same as the groove depth of the lower side groove
30 (Specifically, groove depth between the vapor jet 32 and
the downstream end 305) (Refer to FIG. 3). The depth of
groove 24 gradually becomes deeper toward the downstream
from the region 130. The downstream end of region 130 is
connected to discharge hole 26. The region 130 1s provided so
that fuel will be smoothly introduced into discharge hole 26.

Note, a small clearance 1s formed between the outer surface
20e of impeller 20 and the circumierence surface 145 of the
recessed region 14a of pump cover 14. This clearance 1s
provided for impeller 20 to rotate smoothly.

In the above fuel pump 10, swirl flow 1s generated between
the concavities 21a on the lower side of impeller 20 and the
intake side groove 30 of pump body 16 when impeller 20
rotates. Specifically, swirl flow 1s created 1n the concavities
21a and the mtake side groove 30 when the fuel 1n the con-
cavities 21a and the 1ntake side groove 30 flows to the inward
side of the concavities 21a from the intake side groove 30,
flows along the concavities 21a from the inward side to the
outward side through the concavities 21a, and then returns
from the outward side of the concavities 21a to the intake side
groove 30. The partitioning wall 215 of impeller 20 are at an
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angle with regards to the rotating axis of impeller 20, so the
tuel will flow smoothly from the intake side groove 30 to the
concavities 21a, and the fuel will be smoothly discharged
from the concavities 21a to the intake side groove 30.

The fuel 1s pressurized along the intake side groove 30
while revolving as described above. As fuel 1s pressurized
along the intake side groove 30, fuel 1s drawn 1n through the
suction hole 31 of pump body 16. The fuel which was pres-
surized in the intake side groove 30 mixes with the fuel
remaining in the concavities 20a on the upper side of impeller
20. The fuel in the casing 18 1s also pressurized along the
discharge side groove 24.

Swirl flow 1s also generated along the concavities 20a on
the upper side of impeller 20 and the discharge side groove
24. Specifically, swirl flow 1s created 1n the concavities 20q
and the discharge side groove 24 when the fuel in the con-
cavities 20aq and the discharge side groove 24 enters the
inward side of the concavities 20a from the discharge side
groove 24, flows along the concavities 20a from the imnward
s1de to the outward side through the concavities 20a, and then
returns from the outward side of the concavities 20a to the
discharge side groove 24 1n the region without discharge hole
26. At this time, the partitioning wall 205 of impeller 20 are at
an angle with regards to the rotating axis of impeller 20, so
tuel will flow smoothly from the discharge side groove 24 to
the concavities 20a, and the tuel will be smoothly discharged
from the concavities 20aq to the discharge side groove 24. On
the other hand, in the region of discharge hole 26, the fuel
which 1s discharged from the outward side of the concavities
20a will flow 1n the direction of discharge along discharge
hole 26.

The fuel, which 1s discharged to discharge hole 26, flows
into housing 72 of motor section 70. The fuel, which flows
into the housing 72, then flows upward through housing 72
and 1s discharged from discharge port 73a of motor cover 73.

The fuel pressure on the fuel discharge side of impeller 20
will be higher than the fuel pressure on the fuel intake side, so
a downward force caused by the difference in fuel pressure
will act on impeller 20. Furthermore, a downward force will
act on impeller 20 because of the downward magnetic force
acting on rotor 76 and the force applied on brush 90 toward
commutator 84 by spring 92.

Fuel pump 10 of this representative embodiment 1s formed
such that the depth of the concavities 21a on the fuel intake
side of impeller 20 1s relatively deeper than the concavities
20a on the fuel discharge side of impeller 20. Therefore, the
force (upward force in FIG. 1) acting on impeller 20 and
caused by the swirl tlow along the intake side groove 30 and
the concavities 21a on the fuel intake side of impeller 20 wall
be larger than the forces (downward force in FI1G. 1) acting on
impeller 20 and caused by the swirl tflow along the discharge
side groove 24 and the concavities 20q on the fuel discharge
side of impeller 20. Therefore, the aforementioned forces
pressing downward on impeller 20 will be balanced with the
forces pressing upward on impeller 20, and impeller 20 will
be stable and able to smoothly rotate. Therefore, the flow
properties of fuel pump 10 will be stable and pulsing can be
prevented.

FIG. 6 shows the measurement result ol the pressure ampli-
tude for fuel which 1s discharged from fuel pump 10 when a
ratio (groove depth B of the concavities 21a on the fuel intake
side of impeller 20)/(groove depth A ofthe concavities 20a on
the fuel discharge side of impeller 20) 1s gradually changed.
Note, the measurements were taken when the impeller rota-
tional speed was relatively low (specifically between 3000
and 3500 rpm) and the discharge pressure of the fuel was
relatively high (specifically between 250 and 350 kPa). As
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can be seen from FIG. 6, the fuel pressure amplitude (pulse
amplitude) can be suppressed by maintaiming the value B/A to
be greater than 1.0. In particular, i1t has been confirmed that
the pulsing flow of the fuel can effectively be suppressed by
maintaining B/A between 1.02 and 1.30.

The preferred representative embodiment of the present
teachings have been described above, the explanation was
given using, as an example, the present teachings 1s not lim-
ited to this type of configuration.

For instance, 1in the above embodiment, the depth of the
concavities on the fuel intake side of the impeller 1s deeper
than the depth of the concavities on the fuel discharge side of
the impeller. However, the present teachings 1s not restricted
to this configuration, and for imstance, an embodiment shown
in FI1G. 7 1s also possible. With the embodiment shown 1n FIG.
7, the depth of the concavities 220q, 221a formed on the
upper and lower side of impeller 220 are the same (X 1n the
drawing). Furthermore, the intake side groove 130a (groove
depth B) formed on a pump body 1s deeper than the discharge
side groove 124a (groove depth A) formed on pump cover
(1.e., B>A). With this type of structure as well, the tlow of fuel
which revolves on the fuel intake side of impeller 220 will be
higher than the flow of fuel which revolves on the fuel dis-
charge side, and therefore the tlow properties of the fuel pump
can be improved. In this case, the ratio of (groove depth B of
groove 130a)/(groove depth A of groove 124a) 1s preferably
adjusted to be between 1.02 and 1.30. If the ratio of B/A 1s
below 1.00, the upward pressing force created by the swirl
flow below the impeller will be smaller than the downward
pressing force created by the swirl flow above the impeller,
and the impeller 220 1s pressed downward. Furthermore, 1
the value B/A 1s between 1.00 and 1.02, the sum of the fuel
pressure and the downward pressing force created by the
swirl flow above the impeller will be larger than the upward
pressing force created by the swirl flow below the impeller, so
the impeller 220 will be pressed downward. Furthermore, 11
B/A exceeds 1.30, the upward force created by the swirl flow
below the impeller will be greater than the sum of the fuel
pressure and the downward pressing force created by the
swirl flow above the impeller, and therefore the balance waill
be poor.

Furthermore, the depth of the concavities on the fuel intake
side of the impeller may be deeper than the depth of the
concavities on the fuel discharge side of the impeller, and the
intake side groove formed on a pump body may be deeper
than the discharge side groove formed on pump cover.

Furthermore, both the groove depths of the concavities
formed on the upper and lower surtaces of the impeller and
the depths of the casing grooves which are formed on the
inside surface of the casing opposite to the upper and lower
surfaces of the impeller may be nonsymmetric.

Furthermore, the technology of the present teachings can
be applied to various types of fuel pumps other than the type
ol fuel pump described 1n the representative embodiment, and
for instance, may also be applied to an axial type fuel pump.

Finally, although the preferred representative embodi-
ments have been described 1n detail, the present embodiments
are for 1llustrative purpose only and not restrictive. It 1s to be
understood that various changes and modifications may be
made without departing from the spirit or scope of the
appended claims. In addition, the additional features and
aspects disclosed herein also may be utilized singularly or 1n
combination with the above aspects and features.

The invention claimed 1s:

1. A fuel pump comprising a casing and a substantially
disc-shaped impeller rotating within the casing, wherein;
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8

a first group of concavities 1s formed 1n a lower face of the
impeller, the first group of concavities being formed 1n
an area located mnwardly from the outer circumierential
face of the impeller by a predetermined distance;

a second group of concavities 1s formed 1n an upper face of
the impeller, the second group of concavities being
formed 1n an area located imwardly from the outer cir-
cumierential face of the impeller by a predetermined
distance, bottom portions of the pair of first and second
concavities being 1n communication with each other;

a first groove 1s formed 1n the 1nner face of the casing
opposite the lower face of the impeller, the first groove
being formed in a region opposite the first group of
concavities 1n the impeller and extending from an
upstream end to a downstream end;

a second groove 1s formed 1n the iner face of the casing
opposite the upper face of the impeller, the second
groove being formed in a region opposite the second
group of concavities 1n the impeller and extending from
an upstream end to a downstream end;

a suction hole 1s formed passing through the casing for
communicating the upstream end of the first groove to
the exterior of the casing, the suction hole being con-
nected to the upstream end of the first groove and not 1n
connection with the second groove;

a discharge hole 1s formed passing through the casing for
communicating the downstream end of the second
groove to the exterior of the casing, the discharge hole
being connected to the downstream end of the second
groove and not in connection to the first groove; and
wherein,

the depth of the first group of concavities and the depth of
the second group of concavities are substantially iden-
tical, and the depth of the first groove i1s deeper that the
depth of the second groove.

2. A fuel pump as in claim 1, wherein the depth of the first
groove 1s between 1.02 and 1.30 times the depth of the second
groove.

3. A fuel pump comprising a casing and a substantially
disc-shaped impeller rotating within the casing, wherein;

a first group of concavities 1s formed 1n a lower face of the
impeller, the first group of concavities being formed 1n
an area located inwardly from the outer circumierential
face of the impeller by a predetermined distance;

a second group of concavities 1s formed 1n an upper face of
the mmpeller, the second group of concavities being
formed 1n an area located mwardly from the outer cir-
cumierential face of the impeller by a predetermined
distance, bottom portions of the pair of first and second
concavities being 1n communication with each other;

a first groove 1s formed 1n the 1nner face of the casing
opposite the lower face of the impeller, the first groove
being formed 1n a region opposite the first group of
concavities 1n the impeller and extending from an
upstream end to a downstream end;

a second groove 1s formed 1n the mner face of the casing
opposite the upper face of the impeller, the second
groove being formed 1n a region opposite the second
group of concavities 1n the impeller and extending from
an upstream end to a downstream end;

a suction hole 1s formed passing through the casing for
communicating the upstream end of the first groove to
the exterior of the casing, the suction hole being con-
nected to the upstream end of the first groove and not 1n
connection with the second groove;

a discharge hole 1s formed passing through the casing for
communicating the downstream end of the second
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groove to the exterior of the casing, the discharge hole
being connected to the downstream end of the second

groove and not in connection to the first groove; and
wherein,

the depth of the first groove and the depth of the second
groove are substantially 1dentical and the depth of the

first group of concavities 1s deeper than the depth of the
second group of concavities.

4. A fuel pump as 1n claim 3, wherein the depth of the first

group ol concavities 1s between 1.02 and 1.30 times the depth
of the second group of concavities.

5. A tuel pump comprising a casing and a substantially
disc-shaped impeller rotating within the casing, wherein;

a first group of concavities 1s formed 1n a lower face of the
impeller, the first group of concavities being formed 1n
an area located inwardly from the outer circumierential
face of the impeller by a predetermined distance;

a second group of concavities 1s formed 1n an upper face of

the impeller, the second group of concavities being
formed 1n an area located imnwardly from the outer cir-
cumierential face of the impeller by a predetermined
distance, bottom portions of the pair of first and second
concavities being 1n communication with each other;

a first groove 1s formed 1n the inner face of the casing
opposite the lower face of the impeller, the first groove

being formed in a region opposite the first group of

concavities 1n the impeller and extending from an
upstream end to a downstream end;

a discharge hole 1s formed passing through the casing for
communicating the downstream end of the second
groove to the exterior of the casing, the discharge hole

10

15

20

25

30

10

being connected to the downstream end of the second
groove and not 1n connection to the first groove; and
wherein,

a second groove 1s formed 1n the iner face of the casing
opposite the upper face of the impeller, the second
groove being formed in a region opposite the second
group of concavities in the impeller and extending from
an upstream end to a downstream end;

a suction hole 1s formed passing through the casing for
communicating the upstream end of the first groove to
the exterior of the casing, the suction hole being con-
nected to the upstream end of the first groove and not 1n
connection with the second groove;

the depth of the first and second groups of concavities and
the depths of the first and second grooves are formed so
that the tlow of fuel passing through the first group of
concavities and the first groove 1s greater than the flow of
fuel passing through the second group of concavities and
the second groove.

6. A fuel pump as 1n claim 5, wherein the depth of the first
group ol concavities and the depth of the second group of
concavities are substantially identical and the depth of the
first groove 1s deeper than the depth of the second groove.

7. A fuel pump as in claim 5, wherein the depth of the first
groove and the depth of the second groove are substantially
identical, and the depth of the first group of concavities 1s
greater than the depth of the second group of concavities.

8. A fuel pump as 1n claim 5, wherein the depth of the first
groove 1s greater than the depth of the second groove, and the
depth of the first group of concavities 1s greater than the depth
of the second group of concavities.
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